Summary.-The evolution and structure of adenomatous polyps and adenocarcinomata of the colon in NMRI mice induced by dimethylhydrazine are described. Severe toxic reactions in the liver and other organs are produced by dimethylhydrazine (DMH), but tumours are induced only in the colon and around the anus.
REPRODUCIBLE induction of colon cancer in laboratory animals can be initiated by a variety of chemical agents, the most effective of which fall into two classes: derivates of 3-methyl-4-aminobiphenyl and derivates of 1,2-dimethvlhydrazine (Weisburger, 1971) . However, in many experimental systems colon cancer may be only one of several types of cancer induced by the chemical.
The subcutaneous injection of dimethylhvdrazine (DMIH) has been shown to induce adenomata and carcinomata of the small intestine and colon of rats (Druckrey et al., 1967; Shauer, Vollnagel and Wildanger, 1969; Springer, Springer and Oehlert, 1970) , whilst in mice this agent has a remarkable specificity for inducing colon tumours Pegg and Hawks, 1971) .
This model svstem in mice appears to have many advantages, in particular the predictable way in which tumours develop in relation to the treatment schedule, and it seems especially suitable for studies of the induction and evolution of tumours in the colon mucosa. In this paper we describe the histopathology and evolution of the colon tumours and assess the damage and repair produced by DMEI, particularly in the colon and liver.
MATERTATS AND METHODS
A breeding nucleus of N"MRI mice was obtained from the Medical Research Council Laboratory Centre, Carshalton, Surrey in order to establish a colony in this department. Stock derived from this colony were used in these experiments. Young adult (8-12 weeks) (pH 7-4) . The mucosal surface of the specimens. some of which were stained with 3%o alcian blue, was then examined under saline with a dissecting microscope. In a few animals the small intestine was also studied.
Selected areas from formol saline fixed material were excised and after further fixation for 24 hours. processed for histology.
Four ltm sections were cut serially. some were stained with haematoxvlin and eosin, others with alcian blue. PAS and PAS alcian blue (Pearse. 1968) Semi-thin (IaLm) sections were cut from these blocks and stained with toluidene blue for light microscopy. Ultra-thin sections were studied -with a Philips 300 electron microscope.
Cell proliferation in the colon.-An overall impression of the cell proliferation in the tumours and surrounding intestinal mucosa was obtained by giving an intraperitoneal injection of colchicine (1 t±go,g bodv weight)
3 hours before the animals were killed. in order to arrest the mitotic cells in metaphase during this period of time. This enabled the distribution and number of metaphases to be examined.
[1251] ItdR incorporation.-As the cell damage caused by the toxic effects of DNIH is followed by a wave of cell proliferation (L6hrs. Wiebecke and Eder, 1969) , the incorporation of [125J]-5-iodo-2'-deoxyuridine (620-900 pCi/ml. 70-90 4g/ml) (Radiochemical Centre. Amersham, England) into D-NA was used as an indicator of the distribution and severity of the toxic damage. 1 ,Ci,l5 g body weight [1 lU] IUdR was given by intraperitoneal injection 24 hours before killing. For 3 days before the injection the animals were given an aqueous solution of 0-1°o sodium iodide as their drinking water. The incorporation of [1251] UTdR into the tissues was measured by placing the sample in 2 ml 1000 formol saline (pH 4) and counting it in a Packard Auto-gamma Spectrometer. Each sample was counted 3 times with a change of formol saline between each count; the radioactivity was expressed as the mean counts per mg wet weight of tissue per 500 sec. There was no significant change of activity in the tissues after each change. Five groups of male mice were used in these experiments. The number of animals. the doses of DMH and the interval between dose of DMH and [1251] JUdR are show-n in the Table. The statistical significance between controls and treated animals was assessed using Student's t t" test.
RESULTS
Colon tumours were found in all animals killed after 22 weeks of treatment. The tumours were usually multiple, pedunculated or sessile adenomatous polyps, although solitary, polyps were observed in a few animals. In some animals killed after 30 weeks adenocarcinomata were present in the colon. The site of the tumours was predominantlv in the last 4 cm of the gut. Female mice had a higher incidence of multiple tumours, probably as the result of the greater amount of carcinogen given to these animals.
Adenomata of the lung were found in controls and treated animals, with an equal frequency of approximately 100o. Apart from anal tumours in the treated animals, no other form of neoplasm was seen in either group. The surface appearance of normal mouse colon stained with alcian blue and examined through a dissecting microscope is shown in Fig. 1 . It will be seen that the mouths of the crypts present a distinct and orderly pattern. This pattern was not present in the surface of the polyps or the apparently "' normal " areas of mucosa between the polvps (Fig. 2) . Furthermore, examination of the surface of the colon in animals given DM1 for 14 weeks, at a time when there was no histological evidence of tumour formation, demonstrated the crypt pattern and staining to be abnormal (Fig. 3 ). There appeared to be a generalized change in the appearance of the surface and occasionally large mucus cysts were present which looked very similar to polyps when examined under the dissecting microscope. Small cysts were common in the mucosa surrounding the tumours and appeared to be due to the occlusion of the apical parts of the crvpts, thus contributing to the abnormal staining pattern.
Histologically, the polyps were typified by a loss of goblet cells and increased proliferation of the absorptive-like" cells, which formed well differentiated tubules or a more solid tumour with poorly differentiated cells (Fig. 4a, b) . The frequencv of mitotic figures in the tumours was variable and unrelated to the differentiation. There was often evidence of a high rate of cell turnover, shown by the accumulation of dead cells in the crypts. In animals killed after 17 weeks of weeklv DM11 injections, tumours were usuallv less than 2 mm in size, whereas animals left without any further injections for a further 8-10 weeks had tumours of about 2-4 mm in diameter.
Histochemicallv, the poly-ps usually showed little or no staining with PAS The transition from a normal" to a neoplastic state was seen to originate in the upper part of the crYpt; the cells at first appeared to be enlarged and the goblet cells disappeared from these regions (Fig. 5) . This neoplastic change took place in a group of adjacent cr,ypts. At this earlv stage the lower portion of the affected crypt appeared normal. Several of these areas of varying size could be observed.
Lymphoid infiltration was not a marked feature ofthe tumours; in some animals there was histocytosis of the lymphoid aggregates normally present in the colon.
The spatial distribution of mitotic figures in the unaffected areas of the large bowel of tumour bearing animals showed that they were restricted to the lower half of the crvpts. There was nothing to suggest the increased proliferative activity, observed by Springer 7pyi-A'. (1970) in the rat colon. Histological examination of the small intestine in animals given DMH for 22 or more weeks showed that the villi were of normal height.
The tumours showed many of the general ultrastructural features that have been described previously in chemically induced colon cancer in rats (Spjut and Smith, 1967) and in human colon cancer (Fisher and Sharkey, 1962; Imai and Stein, 1963; Imai, Saito and Stein, 1965) and rectal tumours (Birbeck and Dukes, 1963 At the luminal surface the microvilli were sometimes sparse, distorted and in many areas completely missing (Fig. 6 ). Bacteria were observed in the depths of the adenomatous crypts as well as in the crypts near tumours that were otherwise apparently normal. The desmosomes were more irregular than in the normal colon mucosa. The contact between the tumour cells was close in the well differentiated tumours but loose with well defined intercellular spaces in the poorly differentiated forms.
The number and organization of the mitochondria varied considerably from one cell to another within a small area of a tumour. Swelling, loss of cristae and decrease of the inter-cristae density were the commonest abnormalities. In some tumours dense mitochondrial inclusion bodies were observed (Fig. 6 ): these are known to be a nonspecific reaction in mice (Tarin, 1970) and contain large amounts of calcium (Knowles, Weavers and Cooper, 1972) . The nuclei were usually pleomorphic with considerable diversity in their chromatin pattern and size of nucleoli.
Some tumour cells showed evidence of degeneration and death. Cell condensation, fragmentation and incorporation of the remnants into adjacent tumour cells could be observed in some tumours.
Teleolysosomes were seen in onlv a few cells, though myelin forms were present. In some tumour cells vesicles containing dense laminated material were present in the cvtoplasm: the origin of this material is uncertain although it was found that mitochondria were sparse in cells containing these vesicles.
Anal tumours
Tumours arising in the anal region were seen in about 500 of the animals. These tumours appear to begin as a result of rapid hypertrophy of the perianal glands, and may ulcerate the anal skin (Fig. 7) Microscopically the lesion showed massive necrosis associated with regenerative nodules affecting the parenchyma and bile ducts. There was a variable polymorphonuclear leucocyte infiltration. Apart from the signs of necrosis and abnormal cell proliferation, a characteristic feature was distinct eosinophilic inclusions in the parenchymal cell nuclei. Electron microscopy demonstrated these inclusions to be of cytoplasmic origin, being formed bv the invagination of pockets of cytoplasm into the nucleus.
They were pinched off to form membrane bound inclusions (Fig. 8a, b) .
In animals kept for 8 weeks after 17 injections of DMH, the inclusions were larger and showed autolytic changes (Fig. 8c, d) The colon and small intestine showed the proliferative response to a single dose similar to that observed by LOhrs et a-l.
(1969). However, it was apparent that this was nonspecific and with repeated dosing the reaction became less, suggesting a possible adaptation mechanism. In the liver the reaction was maintained. In a limited experiment with 5 tumour bearing mice (after 30 injections of DMtH) there was not a marked difference in the incorporation of [1251] IUdR into tumour bearing gut compared with its normal counterpart. This confirmed the impression that many of the tumours have a relatively slow proliferation and cell turnover.
Reduced number of DJIH injections
Twenty-two males and 40 females survived 8 weeks after a course of 14 weekly or 17 weekly doses of DMIH. Of these, 900,/ of the females and 830o of the males had tumours of the colon but the numbers of tumours in individual animals were reduced considerably. Histologicallv, the livers showed some areas of normal appearance, indicating that there was at least partial recovery from the toxic damage that was present in livers of animals killed at the time of the fourteenth injection.
DISCUSSION
The colon tumours obtained in these experiments were histologically similar to those induced by DMH in the rat (Druckrev, 1970; Springer et al., 1970) and in the mouse (WAiebecke et al., 1969) . The ultrastructure of the DiMH induced tumours had many similarities to those induced in rats by treatment with 3-2'-dimethvl-4-aminobiphenol and in human carcinoma of the colon (Spjut and Smith, 1967) .
In the natural history of the development of D31H induced adenomata, it seems that changes occur in the mucosa of eventual tumour bearing areas of the colon, since it can be predicted with certaintv that tumours will arise in a particular part of the colon. In our animals, the last 4 cm of the large intestine was always the site of at least one polyp. Evidence of a generalized change was also described by Springer et al. (1970) who found an overall reduction of 3 S uptake by the mucosa in parts of the bowel of rats where tumours are commonly developed, suggesting there was an alteration in the type of mucus produced. Similar changes have been found in the " normal " mucosa adjacent to tumours in man (Filipe, 1971) , together with a decrease in the proportion of sulphated mucopolvsaccharides in these areas (Filipe, 1972) . LDH isozvme patterns have been found to be of the tumour type in the colonic mucosa several cm from adenocarcinoma (Langvad, 1968 (Bottoomley and Cooper, 1973) . In trying to assess the proliferative activity in the normal" bowel epithelium in the vicinity of the tumours, distortion of the crvpts made it difficult to obtain sufficient longitudinal sections through the whole length of crypts in order to compare the proliferative activity with that of the control 541 tissue. However, the colchicine blockade indicated that there was no major extension of the proliferative zone, and the lack of gross morphological change in the villi of the small intestine strongly suggested that the animals either compensate for the recurrent damage caused by the weekld injection of DMH or there may be some form of adaptation to the chronic toxicity.
It is clear that the main disadvantage of DMH1 as a method of raising colon tumours is its severe toxic effect on the liver. The general reaction of the liver has many features similar to that produced byv nitrosamines (Svoboda and Higginson, 1968) . Eosinopilic nuclear inclusions in liver cells have been described as occurring as a result of subelinical disease in untreated animals (Wilson, 1954) and as a result of feeding mice and rats with toxic substances such as thioacetamide (Kleinfield, Greider and Frajola, 1956 ), colchicine (Wessel, 1958) and with a methionine rich diet with added bentonit,e (Leduc and Wilson, 1959) . It was the latter authors who first demonstrated conclusively that these inclusions were of cytoplasmic origin and our own findings entirely substantiate this view. Xs yet the effects of chronic DMH poisoning on the metabolism of this carcinogen are unknown. It is possible that these metabolites are then acted upon by bacteria in the colon (Druckrey, 1970) . The finding of bacteria in the deeper part of crypts of experimental animals may be of some importance as it could produce metabolites of DMH in close proximity to the dividing cells of the deeper part of the crypts. However, it is equally possible that the presence of the bacteria in the depths of the crypts may be a reflection of the alteration of the quality of mucopolysaccharides produced by the goblet cells. A change in mucopolysaccharide is a possible explanation for the loss of the surface crypt pattern as defined by the alcian blue staining technique (Fig. 2) .
In the model system with once weekly injections of DMH for 22 weeks and more described in this paper, the incidence of adenomatous polyps was 1000/ in treated animals and in a trial series of onlv 17 weeklv injections, followed bv a rest period of 6-13 weeks. Hence there is a time during the injection schedule after which the eventual occurrence of adenomatous polyps in the distal part of the colon will be inevitable. 
